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$47 Unti l  now, e l e c t r o l y t i c  generation of rolvated electrons could be achieved on1 
rolventr  of lou donor capabi l i ty  such A 0  l iquid a-ni&/ or c e r t a i n  amines,, 
a fac t  which impored revere r e r t r i c t i o n r  on the choice of rolvent and react ion 
condi t ionr .  Attelptr ,  described below, to  generate solvated e lec t rons  e lec t ro-  
l y t i c a l l y  i n  a rolvent of r e l a t i v e l y  high proton donor capabi l i ty  ouch as ethanol 
were doorrd t o  f a i l u r e  due to  hydrogen evolution a t  a potent ia l  f a r  below t h a t  
required fo r  releare of e lec t ronr  i n t o  the rolvent .  fie recently publirhed 
dircovery*/ t h a t  heuwehylphorphoruride (-A), r(cH3)2N13w, i r  capable of 
d i r ro lv ing  a l k a l i  r e a h  prompted U A  t o  inver t iga te  uhether e l e c t r o l y t i c  gener- 
a t i o n  of solvated electron. i n  a ro lu t ion  of ethanol containing IMPA uar porsible.  

KXPBRMIIIIAL 

Ieagentr .  Lithium chlor ide ,  t e t r a l i n ,  1-octene and iMPA -re of the highert  purity 
avrL1able c o r r r c i a l l y .  
boi l ing between 89' and 92O a t  4-5  h??~ war used. 

ApDArAtur. Ihe e l e c t r o l y r i r  v e r s e l ,  dercribed previaurly,k' coar i r ted  of an ll-crll 
of 150 a1 t o t a l  capac i ty .  f ie  tuo c a p . r b . n t a  r r e  r e p ~ r a t e d  by a coarre, 25 rn 
g l a r r  f r i t .  A carbon rod (rpectrorcopic grade), 3.5 ED loag and 0.5 cm i n  d i u t e r  
rerved am the anode. 
rUrfACe rerved am the cathode. Reproducible cathode poteatialr during current  f l o r  
uere obtained by i n r c r t b g  the Luggin c a p i l l a r y  i n t o  a sleeve fo rwd  by folding over 
one edge of the  AldnUm electrode.kl  

Klec t ro ly t ic  Roduction. The e l e c t r o l y t i c  reduction of tetralin (1 rl, 7.35 mole )  
and 1-octene (1 rl, 6.37 l o l a )  w e  car r ied  out a t  a coartant  current  of 500 Y in  
60 rl of ethanol-iNPA r o l u t i o n  containiry 33 mole p c t  IPIPA, 0.3 l4 La LiCl. A t  th. 
r trrt  of tbe r l e c t r o l y e i r ,  the  cathode poten t ia l  -0 -2.5 v o l t r  ((10. Ag uire) and 
r lou ly  chnged  t o  -2.4 v o l t r  in  the courre of 25 d n u t o s  A €  d i c h  poiat the 
e l e c t r o l y r i r  war in te r rupted .  
4 t h  u t e r  and the aqueour ro lu t ion  U A ~  extracted with pentane. 'Lb. pontane 
e x t r a c t  w r  ~ l y d  in a curren t  of ni t rogen to t o m e  the  rolvent  and the reridue 
uar malyred by MI. r p e c t r a t r i c  and 6U: r t h o d r .  

l M P A  u ~ r  purif ied by VACUUI d i r t i l l a t i o n  and the fract ion 

A r o c t ~ n g u l a r  piece of rhee t  aluminum of 6.5 c d  t o t a l  i r s e d  

I h e  ro lu t ion  in the  cathode compartment war diluted 

RKSULTS MID DIrnSSIQII 

Uben A ro lu t ioa  of B B A ,  0.3 I! i n  L i C l .  i o  e lec t ro lyr rd .  dark blue globuler,  cbrac- 
t e r i r t i c  of rolvated l i thium, form a t  the  cathode ourface a t  a pot.ati.1 of -2.3 
v o l t r  (VA.  Ag r im)  and the  r o l u t i o n  in  the cathode cwpartmnt b o c m r  deep blue, 
v i r u a l  evidence that t h e  raec t ion  L i t  + e- + Li: ... e; ir  taking place. The 
h l f - l i f e  of tho rolvatod o loc t roa  at r o a  t n p a r a t u r e  r r  d e t e t r i ~ t e d  by d i r -  
eolviag l i thium in B B A  and *aruritq the docreare fa )IS1 rignal poak height v i th  
t i n .  Tho h a l f - l i f e  ID 38 minuter, 
1 5  haurr f a d  for the  b a l f - l i f e  in l iqu id  
C .  Lepartrr.81 
and the cathodo p o t e n t i a l  i s  d i f f e r e n t ,  depondiq  on tho m o t  of alcohol prerent.  
I n  .tho01 C O n t A h w  33 mole p c t .  M A ,  f o r  e r ap le ,  the blue color appearr A t  A 
cathode potent ia l  of -2.5 V O l t B  (VI. Ag uire). Boumvrr. in e& p r o ~ e u e  of both 
alcohol  and benzene the ro lu t ion  r .u inr  color le ro  &ring e loc t ro lye i r ,  with only 

a value uhich capre .  wll with that of 
am reported by J .  Corret rad 

In the  prerence of ethanol,  the i n t e n r i t y  of tb. color i r  lowr 
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a small amount of blue co lor  v i s i b l e  a t  the cathode sur face .  Proof t h a t  e l e c t r o l y t i c  
reduction of the benzene r ing  in  ethanol-MPA solu t ion  is possible was obtained by 
ek.ctrolysis of t e t r a l i n  i n  a so lu t ion  composed of 67 male p s t .  ethanol and 33 mole 

The e l e c t r o l y s i s  was ca r r i ed  out a t  a cathode po ten t i a l  
of -2 .5  t o  -2.4 v o l t s  (vs. Ag wire).  
of the recovered product by mass spectrometric and CII: methods shoved that it 

and tha t  t e t r a l i n  had been hydrogenated a t  a cur ren t  e f f ic iency  of p4 pct.  Under 
the same conditions,  1-octene was reduced t o  octane a t  a cur ren t  e f f i c i ency  of 26 
pct .  

I but In the absence of =A, copious hydrogen evolution takes place and the cathode 
po ten t i a l  during e l e c t r o l y s i s  is  nov -1.5 v o l t s  (vs. Ag wire),  i . e . ,  0.8 t o  1.0 

I v o l t  more anodic than t h a t  a t  which re lease  of e lec t rons  was observed i n t o  IMPA 
or ethanol-E@lPA solu t ion .  Under these conditions not even traces of reduced 
t e t r a l i n  could be detected i n  the recovered mater ia l .  It is remarkable t h a t  the 
r t rong  hydrogen evolution t h a t  occurs during e l e c t r o l y s i s  of ethanol a t  -1.5 vo l t s  
is d r a s t i c a l l y  reduced in the presence of as l i t t l e  as 33 mole pc t .  -A. This 

sur face  t o  the near exclusion of ethanol.  In the presence of W A ,  the  charge 
t r ans fe r  process is re lease  of e lec t rons  i n t o  the  solvent and not  hydrogen 

’ evolution. The high percentage of deca l in  in the  reac t ion  product is probably 
5 due t o  the  high proton a v a i l a b i l i t y  in the so lu t ion  containing 67 mole pct .  ethanol,  

since e l e c t r o l y t i c  reduction of t e t r a l i n  i n  ethanol-RKPA containing only 25 mole 
‘ p c t .  ethanol gave haxalin as the main product. Te t r a l in  is not reduced when the 

e l e c t r o l y s i s  i s  ca r r i ed  out i n  W A  in the absence of e thanol .  
condi t ions ,  the ca tholy te  becomes dark green colored during e l e c t r o l y s i s .  Has8 
rpectrometric ana lys i s  of the recovered reac t ion  product i nd ica t e s  the presence 
of conriderable amounts of mono- and d imethyl te t ra l in  and e m d l  amounts of dimers 
of these methyl te t ra l ine  in add i t ion  t o  unchanged s t a r t i n g  mater ia l ,  t e t r a l i n .  

On the b a s i s  of these r e s u l t s  and previous w r k  on the reduction of the  benzene 
r ing  in ethylenediamine,4/ we believe t h a t  electrochemical reduction of t he  
benzene r i n g  in etbenol-IDIPA involves addi t ion  of the solvated e l ec t ron ,  e; , t o  
the solvated benzene ring. 8,. 

’ 

\ pct .  W A ,  0.3 I4 in  L i C l .  
After completion of the e l e c t r o l y s i s ,  ana lys i s  

1 cons is ted  of (vol.  pct):  t e t r a l i n  ( 8 0 ) ,  hexalin (2) ,  o c t a l i n  (1) and deca l in  (17) ,  

When the e l ec t ro lye ia  of t e t r a l i n  i s  ca r r i ed  out under the  same condi t ions  

1 

P euggests adsorption of the ap ro t i c  bu t  highly polar21 =A a t  the e l ec t rode  

Under these  

, t 
t 

B, + e- - s + B; s 

. 
‘ 

where S ind ica tes  the  so lvent  molecules required t o  so lva te  ao electron. 
Subrequent protonation of the  benzene anion, Bi , and fu r the r  add i t ion  of e l ec t ron  
and proton coepletes the  hydrogenation of a double bond as ha8 been pointed out 

,, p r e v i o u s l y . ~ /  Apparently, the  cathode In ethanol-RKPA so lu t ion  containing alkali 
ha l ide  functions in  the sam? uay as in l i q u i d  amumidl and amines,4f i . e . ,  as an 

’ e lec t ron  electrode. 
‘1 

’* The present remltn dcronatrate f o r  the f i r s t  ti= t h a t  e l e c t r o l y t i c  generation of 
rolvated e lec t ronr  in a solvent of r e l a t i v e l y  high protoo donor capab i l i t y  is 
f e a r i b l e  and that these e lec t rons  a r e  ava i l ab le  fo r  addi t ion  to  organic coapounds. 
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